
NEUROSCIENCE MODELING PROJECTS: 
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•  NYSCIRB:  NY Spinal Cord Injury Review Board 
    Healing the contusion injury microenvironment with stem cells and 

nanotechnology. 
•  NYSTEM: NY Stem Cell Research Board   
 Neural Cell-Cell Interaction Microchip (NCCIM) for TBI Biomarkers 
•  NIH AREA R15 (revising) 
 Neuronal Microtubule Cytoskeleton Signaling Contributions 
•  NSF SBIR Phase I pitch (submitted) 
 Microchip-Based Opioid Biosensor 

Staggered Axonal MT Packing & MT Junctions 

Neuronal Axons:  MT end states and Regulators   

Modified TASEP and Langmuir Kinetics 

TRANSPORT & AXON MTs = BARCODED COMPLEXITY  

NEURAL CHAMBER ANALYSIS & DEVELOPMENT:  

Need to advance axon imaging/transport tracking 
•  Images use Sigma Axonal Chamber 
•  Human stem cell derived neurons shown 
•  SUNY Poly has capabilities for custom lithography 

and generation of MEMS/NEMS 
•  Exploring application of CNTs, Graphene and 

electrochemical detection 
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ABSTRACT:   
The	
   role	
   of	
   individual	
   neurons	
   in	
   neural	
   plas1city	
   is	
   affected	
   by	
   both	
   its	
  
underlying	
   compartmentalized	
   infrastructure	
  of	
   axons	
  and	
  dendrites	
  as	
  well	
   as	
  
by	
  communica1on	
  between	
  neurons	
  and	
  neural	
  regula1ng	
  cells.	
  We	
  present	
  two	
  
models	
  to	
  address	
  plas1city	
  from	
  alternate	
  perspec1ves.	
  Mathema1cally	
  neuron	
  
axon	
   structure	
   has	
   largely	
   been	
   ignored	
   in	
   terms	
   of	
   its	
   nano	
   to	
   microscale	
  
components	
   that	
   impact	
   macroscale	
   outcomes.	
   The	
   first	
   model	
   demonstrates	
  
the	
  ability	
  of	
  integrated	
  roles	
  of	
  the	
  axonal	
  microtubule	
  network	
  and	
  trafficking	
  
to	
   internally	
  define	
  a	
  neuronal	
   ‘barcode’.	
   	
  This	
  model	
  establishes	
  a	
  mechanism	
  
by	
   which	
   individual	
   neurons	
   of	
   a	
   given	
   type	
   have	
   expanded	
   diversity	
   and	
  
opportunity	
   for	
   func1onal	
   plas1city.	
   We	
   apply	
   a	
   totally	
   asymmetric	
   simple	
  
exclusion	
   process	
   (TASEP)	
   and	
   Langmuir	
   kine1cs	
   combined	
  modified	
  model	
   to	
  
track	
   equilibrium	
   and	
   non-­‐equilibrium	
   dynamics	
   of	
   kinesin	
   motors	
   on	
   the	
  
staggered	
   infrastructure	
   of	
   the	
   axonal	
   microtubule	
   network	
   and	
   par1al	
  
differen1al	
  equa1ons	
  for	
  the	
  motor	
  density	
  profile.	
  The	
  second	
  model	
  presents	
  a	
  
neural	
   network	
   simula1on	
   for	
   the	
   transfer	
   of	
   impulses	
   between	
   the	
   post-­‐
synap1c	
  and	
  pre-­‐synap1c	
  compartments	
  for	
  digital	
  implementa1on.	
  For	
  calcium	
  
dynamics	
   we	
   consider	
   the	
   lipophilic	
   retrograd	
   signaling	
   model.	
   	
   The	
   hebbian	
  
learning	
   rule	
   for	
   synap1c	
  plas1city	
   is	
  used	
   including	
   the	
  an1symmetry	
  Tsodyks	
  
and	
   Markram	
   proposed	
   form	
   where	
   the	
   1me	
   interval	
   of	
   poten1a1on	
   and	
  
depression	
   are	
   comparably	
   similar.	
   The	
   model	
   reproduces	
   relevant	
   biological	
  
behaviors	
   with	
   appropriate	
   feedback	
   control.	
   The	
   system	
   architectures	
   and	
  
simula1on	
  outcomes	
  are	
  presented	
  for	
  both	
  models.	
  . 

•  Modeling the Neuron as a Nanocommunication System to 
Identify Spatiotemporal Molecular Events in Neurodegenerative 
Disease. Intern. J. Nanomedicine 2018 

  
•  Motor Traffic and MT Organization Regulate Axonal Identity 

Along its Length. Manuscript in preparation 

•  Neural Network with Post-synaptic Internal Feedback System. 
Manuscript in preparation 

  

GENERAL PROBLEM STATEMENT: In order to interpret the 
neuronal contribution to information processing, synaptic plasticity, 
and normal or disease states we must create mathematical models 
that expand into the underlying neuron infrastructure. Our current 
models incorporate molecular complexity in axons and synapses to 
reveal new insights and expandable detail.   

PALUH LAB NEURAL STEM CELL PROJECTS: 

NEURAL CODE AND SYNAPTIC PLASTICITY 

System Architecture: Neural Network with PostSynaptic 
          Internal Feedback System 

LIPID-DERIVED RETROGRADE SIGNALING MODEL 

The	
  goal	
  is	
  to	
  design	
  a	
  mathematical	
  framework	
  for	
  an	
  arti4icial	
  neural	
  network	
  
with	
  a	
  postsynaptic	
  internal	
  feedback	
  system	
  that	
  mimics	
  CNS	
  cortical	
  neurons	
  
while	
  enabling	
  signi4icantly	
  lower	
  cost-­‐effective	
  digital	
  implementation.	
  The	
  
modeled	
  synapse	
  includes	
  the	
  presynaptic	
  and	
  postsynaptic	
  neurons	
  and	
  the	
  synaptic	
  
vesicle	
  transport	
  channel	
  and	
  control	
  elements	
  of	
  natural	
  neural	
  networks:	
  electrical	
  
action	
  potential,	
  chemical	
  neurotransmitter	
  (NT-­‐glutamate,	
  Glu)	
  release,	
  binding	
  of	
  Glu	
  
to	
  postsynaptic	
  membrane	
  glutamate	
  ionotropic	
  receptors	
  (AMDAR,	
  NMDAR)	
  and	
  
depolarization,	
  opening	
  of	
  presynaptic	
  VGCCs	
  and	
  Hlow	
  of	
  synaptic	
  current.	
  	
  Glutamate	
  
receptors	
  coupled	
  to	
  membrane	
  G-­‐protein	
  complex	
  and	
  calcium	
  activation	
  triggers	
  PLC	
  
beta	
  processing	
  of	
  PIP2	
  into	
  IP3	
  and	
  DAG.	
  IP3	
  controls	
  release	
  of	
  calcium	
  from	
  the	
  ER,	
  
while	
  DAG	
  processing	
  to	
  2-­‐AG	
  provides	
  feedback	
  control	
  to	
  regulate	
  the	
  pre-­‐synaptic	
  
compartment.	
  Formation	
  of	
  DAG	
  is	
  the	
  rate-­‐limiting	
  and	
  calcium-­‐sensitive	
  step	
  in	
  2-­‐AG	
  
production.	
  NMDARs	
  are	
  calcium	
  permeable	
  and	
  when	
  activated	
  allow	
  inHlux	
  of	
  
calcium	
  needed	
  for	
  the	
  induction	
  of	
  LTP.	
  	
  	
  

Model	
  framework:	
  	
  	
  Lipid-­‐derived	
  retrograde	
  signaling.	
  
Hebbian	
  Plasticity:	
  	
  In	
  which	
  potentiation	
  of	
  an	
  excitatory	
  postsynaptic	
  potential	
  
(EPSP)	
  occurs	
  if	
  a	
  presynaptic	
  spike	
  is	
  accompanied	
  by	
  an	
  increase	
  in	
  the	
  probability	
  of	
  
a	
  postsynaptic	
  spike	
  during	
  the	
  period	
  of	
  association.	
  We	
  apply	
  an	
  antisymmetric	
  form	
  
of	
  Hebbian	
  Plasticity	
  (Tsodyks	
  and	
  Markram)	
  where	
  the	
  time	
  interval	
  of	
  potentiation	
  
and	
  depression	
  are	
  comparably	
  similar.	
  
Hardware	
  with	
  4ield	
  programmable	
  gate	
  arrays	
  (FPGA)	
  

NT release (Pinh) vs (Prel bot)  

Impulse Train; Activity Trace Spike  (bot) 

Synaptic Impulse Weight; Sm conc (bot) 

Calcium conc cytop (top); ER (bot) 

Rm conc (top); RM trace conc (bot) 


